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ABSTRACT 

A brief overview of CHEMEX-*a problem- solving, 
tutorial style computer-assisted instructional course — is provided 
and sample problems are offered. In CHEMEX, students receive problems 
in advance and attempt to solve them before moving through the 
computer program, which assists them in overcoming difficulties and 
serves as a review mechanism. Problems based upon those contained in 
the booklet "Chemical Calculations: An Audiotutorial Approach" and 
covering the following topics are currently available in CHEMEX: 1) 
units and conversion factors, figures, temperature, and density; 2) 
atomic and molecular weights; 3) chemical equations, stoichiometry, 
and balancing; U) simple chemical reactions: ions, acids, oxidation 
number, properties and oxides, hydroxides, hydrides of the elements; 
5) solutions, concentration, dilution, and titration; 6) 
Oxidation- reduction equations; 7) properties of gases; 8) solubility 
product calculations; and 9) acids, baseSr and pH Calculations. . 
CHEMEX is written in Coursewriter III, Version 2 and supported on the 
IBM 360/370 systems. . (For related document, see EM 011 373.) (PB) 
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I NTRODUCTION 



CHEMEX Is a p rob 1 em- 1 u tor i a 1 c.a.i. 
course, designed both to help stu- 
dents who are experiencing diffi- 
culty in problem solving, and to 
furnish an interesting and Inter- 
active means by which the more 
accomplished students can review 
thi s mater 1 al . 

The problems covered \ri' CHEMEX are 
set out on print ed sheets that are 
given to the students in advance, 
perhaps as part of a ^'homework" 
ass i gnment . Students should be 
encouraged to try solving the 
problems on their own before coming 
to CHEMEX. Within the program, the 
student is asl<ed to indicate which 
problem he wishes to discuss. The 
problem Is then broken down into 
sma 11 steps, but the s tuden t him- 
self must ultimately ''do the work", 
al though use of the *'desk calcul- 
ator" function makes this work much 
less tedious. Where certain basic 
fundamental s are required, the 
program attempts to gauge the 
student' s understanding of theoe 
principles, and to provide a sma 1 1 
amount of remedial background where 
necessary . 

It should be emphasized that' CHEMEX 
Is not intended to serve as a 
substitute for reading and study, 
nor does It assume a lack of any 
previous exposure to., the subject 
matter. If It is misused in this 
way, the students. may well be able 
to "work" the prob 1 ems, bu t the 
pedagogical value of the exercise 
will be considerably diminished. 
For maximum effectiveness, the 
course Instructor should very care- 
fully define the precise role that 
thlsmaterial and its manner of 
presentat I on is to play In the 
context of the overall course. 



PROBLEM COVERAGE 

The problem sets on which CHEMEX Is based are 
those contained In the booklet "CHEMICAL CALCUL- 
ATIONS: AN AUDIOTUTORI AL APPROACH". Of the eighteen 
problem unlts^ only the ones Indicated, by an asterisk 
are presently available in CHEMEX: 
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# Cc' 1 ^ Units and conversion factors, significant figures, temperature, 
density 

^ CC ? Atomic and molecular weights, combining weights, formaias 
Hf CC 3 Chemical equations, st o ich iometry, and balancing 



CC U Simple chemical reactions; ions, acids, oxidation number; 

properties of oxides, hydroxides, and hydrides of the elements. 



CC 



5 Solutions; concentrat ion, dilution, and titration 

CC 6 Physical and col I igat ive properties of solutions 

^ CC 7 Balancing oxidat ion'-reduct ion equat ions 

CC 8 Propert ies of gases 

CC 9 Chemical equilibrium 

jff CC 10 Solub/fity product catculat ions 

CC t1 Acids and bases; concepts and definitions, pH calculations 

CC /? Acids and basesi ^ hydrolysis, buffers, indicators, complex equilibria 

^CC 13 Electrical properties of solutions; conductivity and electrolysis 

CC Ui. Chemical ^energet ics and thermodynamics; the First Law 

CC 15 Thermodynamics and equi I ibr ium; the Second Law ^ 

CC 16 Galvanic cells, electrode potentials, and chemical equilibrium 

CC 17 Chemical dynamics and kinetics 

CC 18 Nuclear chemistry and reactions 



The audiotapes and other materials associated 
with "CHEMICAL CALCULATIONS" are not required when 
CHEMEX alone !s used. 

On the following pages are shown a number of 
sample problems and c.a.f* dialogues taken from var- 
ious sections of CHEMEX. No attempt has been made to 
demonstrate the branch! ng, answer- process 1 ng and 
remediation capabilities that have been built Into 
the course; In actual practice. It would be highly 
unusual for a student to proceed through the material 
In as straightforward and error-free manner as Is 
shown here. 



UNIT 1 . 
DENSITY 



1-5. The density of Iron Is 7.28 g/mi . What Is the weight 
(in grams) of a cubic inch of iron? If thrown Into :i 
container of water, what weight" of water would it 
displace? What would the Iron weigh In water? 



PROBLEM 1-5 



Problen 1-5 rea) ly cons/sts of four separate thnuRh related questions, so wn'll t.i^ "? tJ-om 
one by one. 

Firstly, we must find the welpht of l.Of) cuhic Inch (cu In or In**^) of Iron fron : is 

density expressed In gn/nl. 1 nl III liter (s, for our purposes, the same as 1 cubic 

centimeter (cc, cu en, or cm**3). All wo nust dc nere Is find the nupiber of cu en In 

1.00 cu Inch, and then multiply the welrht of l,(in cu cn (7.28 pn) hy this nnnbcr . 

Give the nunber of cn there are per inch, usinf. the number of sIp flps that Is conT.'stent 

with our density measuremen t( 7 . 28 gin/nl). 

So, how many cn are there In one Inch? 

2,5Ji 

OK, now how many cm**5 are thero In 1.00 ln**3? 
calc 2.5ii«*5 

16.58702 \ 



Good- the volume of the Iron Is m j . V/hat does each ml (or cubic cm) of 

I ron wel ph? 

7.28g 



This, of course. Is just Its DENSITY. We h:ve 16. M ml of Iron, havlnp, a 
density of 7.28 g/ml. Who: Is the total mass (welirht)? 



calc 7.28 X 16. ii 
119.302 



lX9fi 

Next, what welf.ht of water would be displaced? 
***** ;i6,i*ml 

The units here should be MASS, not VOLUME. Try ar.aln. 



16. 



Good --and finally, v/e must find the (apparent) welp.ht of the? Iron In water. The 
actual (alr> v/elght and the apparent welf.ht In water will differ owlnp to the effect 
of buoyancy. Do you understand this effect? 



***** yes 

Good- -then we can go on. 

Let W(m) " weight of the metal (In air); 

VHw) n weight of the v/ater displaced. 
Nov/ what Is the exr>rcsslon for finding the apparent v/elp.ht of the Iron In water? 
(You may leave out parentheses If you prefer.) 

***** Wm-Ww 
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R/ght--tve*M leave (t to yot; to uo tho sub traction J 
END DF PROBLEM 

- 355. 5«t 



57>5g 



FORMULAS AND ATOMIC WEIGHTS 



2-5. Estimate the atomic weight of bromine, using on]y the 

data in the follov;ing table. Assume that, like Cannlzzar<> 
in i860, you do not know the correct formiAlas of the 
compounds listed- Hov; could the molecular weight data 
have been obtained? (Suggestion: start by calculating; 
the weight of bromine in one mole of each compound, and 
then apply the law of multiple proportions). 



Compound 


Molecular wt. 


%-bromine 


hydrogen bromide 


81 


98.7 


aluminum bromide 


267 


89.8 


sulfur bromlMe 


2?4 


71 . 4 


phosphorus bromide 


^31 


92.3 


methylene bromide 


17^ 


91.9 


bromobenzene 


159 


50. 3 
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PftOPLEM 2-5 . 

Notice here that we rio not know the formulas of the conponnds Ustod In th^ 
problor.i--ihts Is not necessary. We are civen the Wk> I f.h t-compos i 1 1 or. of brorilne 
In each substance; this Is an expcr Inen ta M y-rie torn! r.<->b 1 e minber th^t Is Independent 
of any nssunpttonrf v/e nake about bronlne or the conpoim^s. Wk are j^lr-a rfvon the 
monocular welrhts of ihe comf>ounds--tTs you may already know, molecultir v.-flfhts c^m 
bo deternlned fror the prO|»ertles of cases--and the substances listed aU hnppen 
to exist i!s coses. 

From these two sets of data^ then, you should be able to find the nunber of gra^^s 
of brontne In one nole of each conpotind. For example, let's take the first compound 
In the table-^-hydrop.en broit.lde. How many grams of hydrof.en bromldo are there In 
l.C mole of this substance? 

Rl 

Of coursei 

Now how many grams of bromine are contained In KO mole of hydrogen bromide? 
***** calc ,987 X «1 

7n.9t»7 
***** 7n.O 

Great- there are 79.9 (call It: 80) z of Br In 1 moTe of hydroren bronlde. This does not 
tell OS much unless we compare It with several other substances. I'Ick any other 
compound from the table given In the problem and type In Its molecular v/elght. 

***** I7tt 

OK, methylene bromide contains 91-9^ bromine; 

How many grams of bromine are In 1,0 tnole of this compound? 

***** calc ,919 X 17*1 

159.905 

**««* ifjOg 

How select another conpound fron the table and type fn Its mol. v/t. 
***** 159 

OK, bromobenzene contains 50. 3^ bromine; 

How many grans of bromine are in 1.0 rnole of thTs coripo(/nd? 

**♦♦* calc .505 X 159 ' 



J9.977 

80 g ■ 

That's 2 of them; now type fn the mo\, wt. of ^nothvr fmtn tfi'tt t«bM, 

* *» ft* 1^3 J 



Ot, •lunlnun hronlde contains 89,8* of bronlne; 

HOM Jnany grnn^ of bronl nc are In 1.0 no\fi of this conpound? 

••••• calc K 267 

250.76fi 



OK- we have Che foMowInf^: 

hydrofen bronl de 
aluninun brcTnlde 
sulfur bronlde 
phosphorus bronMe 
methylene bronlde 
bromobenzenc 
(...you wfl) notice that I 



80 rrnns of bronl ne per mole 

21*0 " " 

160 " " 

l^OO " " " 

IBO " " " 

*• »« M II 

have rounded off the answnrs a bitf ) 



Now let's assume that nost of these compounds are fairly simple^ In 
anyway^ contain only OtlE atom of the other elenenl. Their formulas 
A\Brx, SBrx, etc., where "x" a "small, whole number". . ?iow since 
contain different anounts of bronl ne, th*? value of "x" will vary frc 
Call the molecular wt. of Brontne "M". 1 f ,t ■ 1 » n a conpoun^ 
bromine will 1 male of the compound contain? 



lot The first four, 
\rn therefore HBrjt, 
these compounds 

one to the other. 

how many grams pf 



Rightl Because 1 nole of Br weighs "M" grams. * 

And If the value of x Is 5, how nany grans of Br would Che compound contain per mole? 



5n 



So what we should do Is look at the flpurns In the above table to see what value of "M" 
fits In here- what number appears In various multiples (I.e., various VDlues of "x")? 



80 



Right! 

So this must be the molecular wetpht of bromine. Notice that our v/ho!e reasoning here 
depends on law of nultlple proper 1 1 ons, \vh I ch says that these >'a)ues of "x" In the various 
formulas are "snail vihole nunbers'*. We can now po on to f I nd the_fj5rnulas of some of 
these compounds. First, let's ASSUME that hydrogen bronlde Is a slmpTe molecule whose 
formula Is IIBr- I.e«, 1 H aton and 1 Br aton, if this Is true^. hov/ nany Br atoms would 
there be for each aluminun aton In alumlrium bronlde? 



Very good! So what will the fornula of aluminum bronlde be? 
*««*• AIBr3 
Correct ! 

Now try writing a formulo for sulfur bronlde. (sulfur « S) 
•*••• S8r2 
Excel lent 1 

^tow try phosphorus bronlde. 
PBrS 

OK, phosphorus bromide contains 92.9% bromine; 

How many grans of bronlne are In 1.0 mole of this compound? 

• calc 1/31 X .029 

JiOO.599 

«•••* unog 

That^s 5 of them; now type In the fwl. wt. of another from the table. 

221* 

OK, sulfur bromide contains 71, k^* bromine; 

How nany grans of bromine ore In 1,0 nolo of this compound? 
**•*•* calc 22h X ,711* 

Only one cnpd left now; please type In Its mol . wt. 

♦ 2ri7 
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UNIT 3 

STOICHIOMETRY 



3-7. The appearance of a rock indicates that it is a mixture of 

muKneGite (MgCOa) and quartz (SiOa). It is found that 1,00 g 
uf Lhe rock.^ on treatment with hydrochloric acid (HCl) yields 
OJijlO g of' CO2 . Calculate the perc mintage of magnesite and 
Ihie percentage of quartz in the rock. 



PROIiLEM 5-7 

tn this problon, a certain mass of carbon dto)fIde (C02) Is mci^sured. Where dons It ccmc 
from? 

• ***• mo^ncs I te 

We can write a partial equation fnr this transformation: MgC03 CQ7. 
This equation Is not complete, but It doos show the molor reUTtlon brtweon the mapnesitc 
and the CO?., since all the C ends up as C02. Mow many moles of C02 will 1 mole of Mp.C03 
In the rock produce? 

***** 1 

Of coursel 

And hov/ much does each mole of C02 weigh? 

fr**** t|l»g 

filghtl 

Now In this experiment, we get 0,l»30 g of C02. Whet fraction of a mole does this amount 
to? 

***** calc .li50/l*l* 
n.00<>7727 

***** .00977 >■ ' ^ 

Very goodl 

We find that 0.00977 (or 9.77 E-3) mole of CO? was produced. This means that there must 
have been an equivalent number of moles of MnC03 In the rock. How much does one mole of 
MgC03 weleh? 

****c data 

At wts: Mg « 2ft. 3, C » 12.0, 0 « 16.0. 
*•*•• caic 2t».3 ♦ 12 ♦ Ii8 

81*, 3 
***** gi».5g 
Correct . 

And how much does 0.00977 mole of MgC05 welch? 
calc .00977 x 8I».3 

0.823611 ' . 

Right. 

The rock evidently contained 0.82^* g of Mp:C03. The weight of the rock was Just 1.00 g. 
What Is the percent of magnesite In the rock? 

♦ 82.1* 

Very good. ~ 
END OF PROBLEM 

Time on last problem « 5 minutes; please typa. the number of any other problem you desire. 



OX J DAT /ON NUMBER 



:'i-6 Viiuxi la the oxidation number of the underlined element in each 
of the following: FeO, PeaOa, FeOV, Fe304, H^S, H2S04, SO2 , 
no-,, 113 0", NO, W2O3, m.s'^, HsPSf, H2p407 



Probi en t» -6 , * \ ^ » , . , 

In the follov/inr, examolos, flurf the OKtdfltlcn number of the u^ider 1 1 ned clei^ion*.. 
I wMl type the formuJa* and you enter the oxidation number ^^'^^the umlprlir.rd 
element, Flease remember to specify each oxidation number as or Just 
to make suro that you understand the basic Idea here, let me ask you f1rst--wh*jC 
Is the ooranon oxidation number of 0 (oxypen) In most of Its compounds? 

-2 

Good--»and hydroren? 
• \ 

Oops! You forgot the slRnll Please try again, 

***** n 

OK, now let*s get started. 



LeP? 

***<»* +2 

***** +6 

That's the TOTAL (positive) oxidatt on no • of ALL the Fe, Now what Is 
•he oxidation no, of EACH Fe atom here? 

***** 4-^ 

OK, very Kood* now how about 

Efi.O«{— ? (Notice that this Is a negatrve Jon) 
***** +3 

KO--you are just guessing! Try aRetn. 
*^*** -$? 

Try «galn, GenlusJ This would irlve you an Ion with an overall chary.e of -16. 
***** -fg 

P?;;sTt?;%Saln'or^?^pr"7r^^*' ''^^''^'^ ^^^^^^ ^"-nt, 
***** ; 

What Is the total oxidation number of oxygen In FeOt*-- ? 
***** *B 

Take another look at that sign. You blew It. Try again, 
c**** -8 

OK, now what number mu.t the total POSITIVE oxidation numbers In the molecule ao'd up to? 
***** *8 

No, don't forget that this particular molecule Is an Ion— It carries two nerative 

^^^f^ charges result from an Imbalance of the total positive and nefevtlv* 
oxidation numbers--the negative oxidctlon number Is In excess/ Please try aKaIn! 

***** ♦B 

OK, 50 what win be the oxidation number of Fe In 
Efi.O't-- ? (Ilottce that this Is a neeatlve Ion) 

***** +6 

Good! Admittedly, that's an odd one. 



UNIT 5 
SOLUTJONS 



i>-0,, Wl'iAt volume of 0,0^ M WOa^ solution can be prepared fromT 

n) 'A. <)Cj f/ju of r;r ( NO 3 J 2 5 ' ' 

b) ^2 ml of 0.1 M Sr(N03)2 solution? 



PROBLEM 5 - 6 - , 

This prohfen has two parts - W>ifc/T do yoit werrt to rhrou;?b? (Bolh^ or a^ or b?) 
both 

OK/ weMl start with Part (a) first. 

In Part (a), we st.irt with 2.00 prams of so! id strontltin) nitrate. Moi^' many WDL£S of 
Sr(N05)7 (MW - 212 e/mo1e) do we have here? 

calc 2/212 

0,00n>i339 

.009U5 

OKy now how many moles of NITRATE ION (N03«-) does thU give us? 
.0189 

Very good - we have a total of 0.0189 nole of nitrate Ion to work with. We want to find 
how many )lter5 of solution we can nakc, each liter containing Q.O^jOO mole of nitrate Ion. 
Can you work this out? 

calc 189/UOO 

O.i.725 

.Ii721 

Right! Good work! 

In Part (b) of Problem 5-6, we want to find how many liters of O^Oi'OO molar nitrate Ion 

solution can be prepared from 32.0 m^ of 0.100 molar Sr(N03)2 solution. 

First, how many moles of Sr{N03)2 are contained In each ml of this 0.100 M solution? 

.0001 

Very good! Now how many moles of Sr{N03)2 are there In 32.0 ml of 0.100 M solution? 
.0032 

OK - this Is the number of moles of Sr(N03>2 In 32.0 ml of solution; now how mnny molrj& 
of NITRATE ION (N03-) are present? 

.0061* 

Right! OK, wc want to prepare a solution contain Inn; O.O'iOO mole-of N«5- Ion per lltr-r, and we 
have 0.0061*0 nole of this Ion to work with. This U less than O.O^i^O nolo, sn we 
obviously cannot prepare even one liter of O.OitOO molar solution. Mnw mur.h CAfI we proper**? 

***** calc .006*1/. 04 

0.16 I 
***** .160 1 

Very good - that's It on this onc| 

END OF PROBLEM " * 
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UNif / 

Ox id at ion^Reduct ion 



PROBLLft 7-2 

Cr207-- ♦ M250!J Cr<** ♦ HCOl<- 

dlchronole Ion ♦ sulfurous acid --> chromic Ion ♦ hydrogen si^lfatc ton 

Which X.\iO elements cbon/je their oxidation numbers In this reaction? 

••••* s and Cr 

RIp.ht; 

The two e)ctnents directly InvolvPiJ here are Cr and S. Is chromIu;« oxidized or reduced 
In tf>Is reaction? <ans\/er o or r) 

• • r 

How many electrons does each Cr a ton gain? 
* ft ♦ • • n 

HO- that's thr? no. of elnctrons r^^lned by 50TH of the Cr atoms in Cr207--; 
each single Cr sains only 3 electrons. 

Now fill In the blonks (use the si>ace bar to position the tyPeball): 

Cr207-- ♦ e- Cr*** 

••*.* 6 2 

We have: 

Cr207-- ♦ 6e- > 2Cr*** ♦ 

What substance must co In the blank space as the next step In balancing th 1 s. ha 1 f- react 1 on? 
•••** 0 

NO - oxygen Is HOT a product of this reaction. 

Uow this reaction is carried out in acidic solution, meanin;. that excess hydrogen ion 
(i|*) Is present. In this case, any "excess" oxyf^en atoms will be taken up to produce 
molecules of WATER. 

How many water molecules are produced -here? 
7 

We no\j have: 

♦ Cr207-- * 6e- 2Cr*#* ♦ 71^20 

What must be added to the blank sPace to balance this half-reaction? 

How many H*'s are required? 

m 

The reduction half reaction Is now: 

* Cr207-- ♦ 6e- --> 2Cr*** ♦ 7H20 
Let's see If !t Is ELCCTRICALLY balanced. 

What is the total charge shown on the rlp.ht hand side of the equation? 

110 - remember that there are TWO Cr*** Ions, 
••••• 5 

And what Is the total charge on the LF.FT side? 
• ••*• ♦Ji 

OK/ so the reduction half-reaction equation Is balanced. 

Let's turn now to the OXtDATIOfi half reaction. What element Is oxidized here? 
sulfur 



Ilu'.; Many c I »T. I rii rvi (lof!*v v,^c^\ sulfur .it on Ui'J'J 
j 

Wn hovo: t . 

- ) 

-'J ♦ II2S03 linni*- ♦ :f.- 

Wh.-Jt substance ii^.-j I ) we adJ tn the tcfi sit!«* *i n ortJo.r lo bolji^c'c tt»o o»;uatlon for 

ownr.ii 0 tot IS? • . 

This ^Wos us: ^ 

1120 ♦ H2S03 )\ZOii- ♦ 2o- 

WbotV'i left cvc:^ that coes in the !>Unk sp.ico? 
*««** 

How nony, 11+ lor>&? 
ft* * * « 2 

There are k MYOnonr.liO shown on the left, but only OUE on the rlr.ht, r(ow answer the 
Q'^es 1 1 on, 

***** 3 

We no\7 have: 

H20 + H2S03 2e- ♦ HSO^*- ♦ 

What Is the total electric charge shown on the RIGHT side? i. 

***** Q 

a 

Correct. And what's the total charge on the LTFT? ' t 
***** tbe same 

So the equation In completely balanced. tOur- reaction Is therefore a combination of the 
two steps: 

IkW * Cr207-- ♦ 6e-. '2Cr* + + ^120 (reduction) 

H20 ^ M2S03 2e- + HSOt*- + 3H+ (oxidation) 

First* how many oxidation steps are required for each reduction that takes place? 

***** 3 

Our pair of equations becones: 

♦ Cr207-- + Ce- ZCr^^* ♦ 7H20 

31120 ♦ 3M2so3 Be- ♦ 3ilS0f|- -v fill* ' 

fJottce that M* Ions appear on both sides of the equations. After you add the two equations 
toftfither and "cancel'* them out^ how many H+ will you have? 

***** 5 . - 

And on which side of the equation (answer r or 1)? 

***** I 

Correct. 

The s*jfnned equation Is; 

Cr207— ♦ 3H2303 — > 2Cr^** ♦ 3IIS0'i- ♦ |i20 

What number coes In the blank on the rl^lVtV 

This balances the equation* 
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UNIT ? 
CAS LAWS 



Pr.OHLEM 3-7 » 

Wi» JsivR ht^rr a nrncilCt>1 app I *,r .» t Usi rno «JS Kiw. TNe N.il{r«^^ cor*^ »l,>,-o Jn , 

of thr ovt:n, we aro to finj th»^ irjrj^Of of r^lcs CO'' rro».Uiro^l, oru^ il-* .rlrM v'u^ 
sodlun hyrirogcn cnrNona;c <fidMC05) contnlnoti \\\ tho bokJur pOA>aor. 
In lhl5 probUn, wo win ma^-.c- usf* of the Ideal r^ts l^iw PV • nRT. 
Oo you unrierstflnd ihe meaning of ihls relation? 



yc5 



Good. 

We want to find ihc value of a» thp number of moles of C02 n«*&^ from the values of 

and T Hurlnr the baking proccns. First, what will the pressure be ( .ir^prox 1 uUo 1 y )? 

1 atm 
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RlRht. 

We con assume that the pressure within the biscuit Is essentially the atr^OKPher I c 
Pressure at al' tines- as nore C02 Is produced^ the biscuit expands, an th^ oressuro 
Is kept from r I si nr.. We can call the pressure P « 1 atn. How how about T? ■ 

* (iOO dec 

OK, but please express it In deg-K. 

673 deg 
Very good. 

And now^ the volume. What Is the volume of C02 produced, measured at the temperature 
and pressure of boHIng? 



20 ml 



NO- this Is the volune of the entire biscuit; the C02 only accounts for one-Quarter 
of this vo 1 ume . 

♦♦^** 5 ml 

OK, but please express the volume In LITERS, so we can substitute tnto the equation of 
state. 

*•»**• . 005 1 ' ^ 

Right] 

We now have: 

P * 1 atm V « O.005 liter T « 673 dep K 

«nd we want R in units of llter-atm: R « 0.820 1 1 ter-atm/deg 
Now write the equation of state PV « nRT In terms of n, the number of moles. 



niPV/RT 



Very good. 

You can now substitute In the values of V, R, T, and P, and solve far n: 

n « CX atn)(0.005 H ter . , ( < 0 . 82 0 1 1 ter -a tn/deg) (6 73 dog)) 
Work this out and enter your vaiue of n. 



calc (.005)/C. 820x573) 

0.000009 
. 000009 



You don*t havo enourh sif flr'» In your an'^w^r . If ^nii tj\<.d CAlc 

to eva 1 uatn the ex pr^^^'j i nn^ yoir ] o-, i ,i lo f of « I ^, f I If y n 

entered ".OOS*' and dlvMnd by thf; 'Irr.onl n/iior . I'ry n-.lr.f '.00" lf,.»#»n'f, 

and then expressing your answer c-f. exponent I o 1 . 

calc 500/(.820 x 673) 

0.0060268 

9,06e-6 

Very good I 

We get fl.Ofi E-6 mole of C02. 

Now how many moles of sodfuM hydrogen carbonate did we start out with? 



Good. 



The formula weight of NallC03 - 23 ♦ 01 ♦ 12 ♦ 3(16) - p/r-wlp 
What Is the mass of |J^K03 In the baking powder? fVrrwle. 



calc 9,06x8l» 



ERIC 



,00O76g 
Very good. 

\\m Oh riionLni 



UNIT 10 

SOLUBILITY PRODUCT CALCULAT IONS 



. 10--7. A solution Is 0.10 M in Cl" and O.3O M in CrO^ . 

•1) If solid AgNOs is gradually added to this solution 
(assume no volume change), which will precipitate 
first - AgCl (Kgp = 1.0 x 10-"^°), or AgzCrO^ 

(Kgp = 2.i| X 10-1^)? 

b) What will be the concentration of Cl" when the second 
substance begins to precipitate? 

c) At this point, what percent of the Cl"" originally 
present still remains in solution? 



PRORI.IM ia-7 

In this p»t»f>l<jm wo fxrv concrrnn^t wUh cquCnhrl.T Involvlnr Ihj re .\in,.rrnt Ions 
or wlHch isTK\ Anions (nop.atlve I ons ) . I» I onse name thrr.o two anlon-^. 



two 



chlorldo nnd chroriAte 



OK, ond riops thri r conccn t r n 1 1 nn In tho sohitlon (ncro.isi», rtccrc.-^sn nr 
remain cnn-aiint <inrln/: the process dericrlbed In the ijrobR'm? 
Type "Inc", "doc" or "no chanpe" 



no chnnfc 



foLnS?''!;'^'"".^? ^^'^ Problenvn, procfpltatos contalnfnr both Ions am evrntUciMy 
formed; a cert.iln anount of each of those Ions Is acrordlnrly rcrovrd f'O"^ the 

?r;hc^c.;t?nn fn'[he'proripf?aUs?"'°'''"'^' ciccroasos. Anyway, precipitates ore torncd. What 



S^l.co'^^'^"^^ ^^'^ Silver Ion concen t ra 1 1 nn Increase, decrease, or rcnM o constant? 
Please typo one of Increase, decrease, or no chanf-e. 

Increase 

^TiVy\1'' 'J^^'u Picturel Notice that silver Ion Is Involv. ' In 

c^?nh? ^^'^'^V' ^'^''"^ ^^^"^ oqclHbrlfl Is descrlber; by a 

solubility product exprrsslon. Write out the KSP exprcns.nn whose va?tfe (s KOe-'n 



(A&*)(C1-) » l.Oe-10 



Per feet I 
We now have 



(/e* )(C1-) « 1. Oe-30 



Now the concentration of chloride Ion Is given In the prob!en as 0.1 molar. 
What value of f Ac* ) is required to precipitate AgCl? 



X.Oe-9 



Very good! At first, there Is no Ag* Ion In the solution; as K?^ U c-ddod. 
Its concentration Increases until It reaches this vrJur. At thi- crinf A^^M 

equlllbrlun. i/rlte out the Ksp expression for Ag2CrOU. 

(Ac^*##« 

# PLEASF RCPRAT 
(Ae*)**2(Ce0'4--) » 2.tie-'12 

Great I 



ERIC 



f-* cont inued ) 



Or., nc'iv f *■ you solve t^'5 exr-e:is!cr for (^f*), yoi: get: 

•(Ag*) « (7.i.r--".: / (CrOt*--) )«'0.5 or sqr I ( ( 2 . (♦c- 1 2 / CCnH--)) 

Th« chranato Ion connen tr h t i on Is pWen as O."^ nolar. YvCu should nnw he <}blp to find the 
. silver Ion concentrfi t Iod a: y/hlch precipitation of Ar.2Crni4 connences, usln? the calc 
function If nocG5S.Tr/ (but renenbor tn leave thp "e-12" psrt out - Crilc cannot handlfi 
larf.e exponentials; the sqrt of n*<-12 is of course }0**-Ci, and yot can reinse:"f 
this after your calculation. 

Try It now, U'ilnc CALC. Then type In the answer. Type "help" If you havf» trouble 
wl th CALC. 

***** calc sqrt 2.4 
Good- 

So the chromate begins lo ppt. when (Ac+) = 2.pi n-C and the CI- cones down when 
(Ar*) b 1,0 K-0 ti. Now whfch salt preclpftates FIRST? 

***** AgCl * 
Of coursnl 

Now the next thln^ we must do Is find the (C1-) Ion concn renainln/r |n solution when the 
SF.C0I;D Ion <CrOU--) befilns to Prcclpltote. What Is the ^R* loi concn at this point? 

***** 2.8?c-6 ^ 

Rieht. 

Novi fron the relation 

<Ar*KCl-) » l.OE-10 - Ksp, 
you can substitute to find the CI- Ion concn. Please <io this and enter your ansv/cr. 

««*** calc 1/2.85 

0,55355fiB 

***** .^Sio-li 

Very i;ondl 

And final ly^ we, want to find the percent of the orlrln.Tl (0.1 M) CI- slMi fn the* 
iolutloo- I.e./ that was not ronoved by tlio Ai»+ at tho point that the second Ion 
bCf.fns to pPt. This I r. jwit thn ratio of the final CI- Ion conrn (that you just 
calculatod) to Its Inltl.il value (0.1 expressed as apercmt. Ploaso 
enter th I s rosu 1 t . 

*<«** .00553 

Your declriiol locfjtton ^orv; to bo otit. 7rv ar'iln» 
• *•** ,0^1i 

CKcr l Irrit- thnt' s I 1 1 
EflO Of f'HOltU'fi 



UNIT 1 1 
AC J DEBASE CONCEPTS 



This prohlpm Is conrorned with ctuijurotfr spncJc* - acids ^^nJ b.vsoii. Do yow iM-Jrf s i ,in.l 
whiil c<»njUr'iUn sppr I PS nro? 



••••• yes 

Very r.ood . 

Whot Is the conjiifoie acUl of the boso A-? 
••••• MA 
Fine I 

Remember that: 

an ACin and Its COf/Jl/nATf: BASF, ond a BASE and Us CONJUnATf ACID, EACH PIKFrR THT 
PRESFNCF. OR ABSRNCE OF ONE PROTCM. 

Now let's r.et to work on the prnblem. 

Problen 33-2 Is divided Into twn parts; Part (a) Is on conjurtitc iicfds, pan (b) on 
conjugote bases. Which section do you wish to go throuf.h first? (Answer •'£»" or "b" ) 



OK, type In the fornula of the conjugate ACID of ec5ch substance Indicated. 
H20 (water ) : 

Good . 

H20 ♦ H+ H30<^ 

Water Is actinf as a BASE here (It accepts a proton). Ibe resulting species H50* can now 
act as an acid, so It is the COMdUnATE ACID of M20. 

Now on to the next onet 

CI- (chloride Ion): 

HC1 

Right. 

H+ ♦ CI- HC1 

CI- Ion Is thft conjugate BASE of UC\, so HCl Is the conjugote ACID of C1-. Since HCl 
Is a very STRONC ACID, Its conjujjote base CI- Is a very V/EAK BASE; it dees not tend to 
back-react. So the other little fern for you to-remenber Is that: 

The coojupate BASE of a STROun acid Is WEAK; 

The conjugate ACID of a WEAK base Is STROMTi; 

... (and vice versa 1 ) 

Nov/ on to greater t'llnr^s; 

SOI*-- (sulfate Ion; note the t\/n rifi;:ntlvc c\t)^r : 
♦ H2S0ii 

You've r.onn too for! H?SOU Is the conjupatn add nf ihp r>onjjipnlp M of Ycmi 

only want to add onn proton hern. Please try aroln. 

RlRhtl 

H* ♦ son-- HSOU- 
This is called thp hydropen sulfate ( son*; 1 1 fn#}s "bisulfate") Ion. Mext one Is: 
MH3 (annoni a ) : 

NliU* 
Very /jond. 

mi * H* mh^ 

Ammonia Is known a', n hnsf* bf*c;tti^o It uruirrrnt*^ th(r, rnartlon, prndurlnp nmnonlun ton, 
niM Is all In tho fnrr» of tlWh* Ion In add In snliitlon-i (wtrr.- ilirt;" nrp plr-niy rif H* lonr» 
a round), and partly so In pinin wi'Unr, whom riin [% a sirriof fu'Ufrh ba-.p t(» (.nil .i few 
protnns off thn 



SYSTEM NOTFS 



Each problem in CHEMFX is a separate unit/ inde- 
pendent of the others both in sequence and means of 
access, (VJithin any one CHEMICAL CALCULATIONS unit, 
problems of a higher number tend to be more sophisti- 
cated^j employ concepts developed in earlier prob- 
lems/ but other than In this sense, no one problem is 
really prerequisite to another). 

The c(Mjrse as a whole is segmented; each sep:ment 
contains the material associated with three of the 
problem units, and except for se/rment-nn, the various 
segments are numbered according to the number of the 
first problem unit they contain. Labels associated 
with each problem unit commence with a different 
letter of the alphabet, and the first digit in the 
label identifies the number of the problem within the 
unit. 

Segmentation is transparent to the students, 
however, so no special instructions are necessary. 

The various problems are accessed "through a direc- 
tory that resides in segment-OO. All students are 
branched to this directory on restart; this means 
that If a student signs off before completing a prob- 
lem, he will have to start over if he wishes to com- 
plete I t. 



After a problem has been completed, the student is 
branched back to the '^directory" section, and invited 
to choose another problem. Students also have the 
option of discontinuing work at any point within a 
problem and accessing the directory at any time by 
typing "go to other". 

In certain problem sections, students requesting 
the material are branched first to a section that 
checks their background and offers them some prelimin- 
ary exercise in the subject. For registered stu- 
dents, a switch (s usually loaded to prevent subsr*- 
quent choices of problems in these sections to roiiff 
them through this background materia). 

In most parts of CflEMEX, the command "HELF^" is 
treated as a regular student answer; the keyword 
fragment "he", along with other fragments intended to 
pick up similar student comments, are stored in hU 
and elicit a prompting or remedial response where 
this is appropriate* Throughout most of the course, 
spaces and carriage control characters are edited 
from student responses, and all inputs are shifted to 
lower case. Backspace correction is also allowed. 



ERIC 



ClIEMEX requires the use of a number of user-writ- 
ten functions. We also stron^^ly recommend the imple- 
mentation of certain system modifications. External 
users should obtain current versions of these items 
when implementing new releases of the program* Sys-- 
tem supervisors should note that parameters 2Q, 2^, 
and 30 (which are unassip^ned in CWIMc2) are required 
wi th CHEMEX. 

CHEMEX is written in Coursewriter 111^ Version 2, 
an IBM Program Product supported on 360/370 systems. 
The text material of CHEMEX Is copyrighted in Canada^ 
U.S. Aw and the U.K. by Simon Eraser University. 
CHEMEX may be Implemented on external systems onl y 
wit h permission of the copyright owner. Copies of 
this course are supplied to user institutions on the 
understanding that the proprietary rights of the 
University will be honored^ and that copies will not 
be supplied to other institutions without our written 
permi ss i on . 
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